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(57) ABSTRACT 

Provided is a microscope having an immersion objective 
lens, a noZZle, and a liquid supplying mechanism. The 
immersion objective lens condenses light from a sample 
through liquid. The noZZle supplies the liquid to an upper 
surface of the immersion objective lens. The liquid supply 
ing mechanism cooperates With one of a lens moving 
mechanism that moves the immersion objective lens and a 
sample moving mechanism that maintains and moves the 
sample, and moves the noZZle relative to the immersion 
objective lens to supply the liquid. 

9 Claims, 7 Drawing Sheets 
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MICROSCOPE APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the bene?t of 
priority from Japanese Patent Application No. 2005-128268, 
?led Apr. 26, 2005, the entire contents of Which are incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a microscope apparatus 

provided With an immersion objective lens. 
2. Description of the Related Art 
Function analysis of genes is Widely conducted through 

experiments on cultured cells; one of such experiments is 
performed by time-lapse observation in Which cultured cells 
are intermittently photographed for a prolonged time period. 
The cultured cells, i.e., living cells are generally damaged by 
photostimulation. Hence, to minimiZe the damages to the 
living cells, an objective lens With a high numerical aperture 
(NA) is employed in the observation of the cultured cell 
because such a lens can capture more ?uorescence With a 
smaller amount of exciting light. 

Suitable objective lenses With a high NA for such obser 
vation are immersion objective lenses, Which are employed 
together With high-refractive index liquid Which ?lls up a 
space betWeen the immersion objective lens and a sample to 
be observed. Japanese translation of PCT international 
application No. 2004-531765 proposes a liquid feeder Which 
supplies liquid to the immersion objective lens. The pro 
posed liquid feeder supplies liquid to the immersion objec 
tive lens through an outlet of a feeding unit arranged near a 
side of an exit lens of the immersion objective lens. Since the 
outlet of the feeding unit is located close to the exit lens of 
the immersion objective lens, a simply-structured liquid 
feeder can supply the liquid Without the need of a moving 
mechanism for the feeding unit. 

The above-described arrangement, hoWever, in Which the 
outlet of the feeding unit is located near the side of the exit 
lens, is disadvantageous in that a large amount of liquid is 
required for ?lling up a gap betWeen the exit lens and the 
sample. The immersion objective lenses can be classi?ed 
into tWo groups depending on the types of employed liquid; 
namely, the Water immersion objective lenses that employ 
Water and oil immersion objective lenses that employ oil. On 
the one hand, the use of the oil immersion tends to accom 
pany increase in experiment cost, since the oil employed for 
the oil immersion is expensive, and a larger amount of oil 
needs to be supplied than is required simply for observation. 
On the other hand, the use of the Water immersion also 
accompanies increase in experiment cost, since a container 
With a large capacity is required for storage of a larger 
amount of liquid than is necessary, and a high-performance 
pump needs to be provided for reduction of time required for 
the liquid feed. 
A necessary amount of supplied liquid can be minimiZed 

With the use of a noZZle and a pump that are generally used 
for supply of determinate quantity of liquid. For the mini 
miZation of the amount of supplied liquid, hoWever, the 
liquid must be fed from substantially directly above a 
targeted portion, i.e., the immersion objective lens. At a time 
of the observation, the noZZle has to be removed from a 
moving range of the immersion objective lens, and hence an 
additional mechanism for noZZle retraction and a driving 
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2 
unit for the mechanism are necessary, Which implies a 
further increase in equipment cost. 

SUMMARY OF THE INVENTION 

A microscope apparatus according to one aspect of the 
present invention includes an immersion objective lens that 
condenses light from a sample through a liquid; a noZZle that 
supplies the liquid to an upper surface of the immersion 
objective lens; and a liquid feeding mechanism that coop 
erates With one of a lens moving mechanism that moves the 
immersion objective lens and a sample moving mechanism 
that holds and moves the sample, and moves the noZZle 
relative to the immersion objective lens to supply the liquid. 

The above and other objects, features, advantages and 
technical and industrial signi?cance of this invention Will be 
better understood by reading the folloWing detailed descrip 
tion of presently preferred embodiments of the invention, 
When considered in connection With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a microscope apparatus 
according to a ?rst embodiment of the present invention; 

FIG. 2 is a detailed diagram of a mechanical unit of a 
liquid feeder in the microscope apparatus shoWn in FIG. 1; 

FIG. 3 is a ?owchart of a liquid feed process according to 
the ?rst embodiment of the present invention; 

FIG. 4 shoWs main parts of a microscope apparatus 
according to a second embodiment of the present invention; 

FIG. 5 is an enlarged vieW of a noZZle shoWn in FIG. 4 
and a surrounding portion thereof; 

FIG. 6 shoWs main parts of a microscope apparatus 
according to a third embodiment of the present invention; 
and 

FIG. 7 schematically shoWs an objective lens of FIG. 6 
and a surrounding portion thereof as vieWed from above. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Exemplary embodiments of the present invention Will be 
described in detail beloW With reference to the accompany 
ing draWings. 
A microscope apparatus according to a ?rst embodiment 

of the present invention is shoWn in FIG. 1. The microscope 
apparatus of FIG. 1 includes a culture section 101 for 
maintenance of a proper environment, and a microscope 
section 102 for observation. The culture section 101 and the 
microscope section 102 each have a heat insulating layer 112 
Which blocks heat transfer to/ from outside, and a heater 103 
arranged in contact With an inner Wall of the heat insulating 
layer 112, so that temperature of each of the culture section 
101 and the microscope section 102 can be maintained at a 
constant level. At a portion Where the culture section 101 
and the microscope section 102 are joined, an elastic sealing 
member 108 is provided to secure air-tightness of the culture 
section 101. 
The culture section 101 further includes a temperature 

sensor 104, a moisturizing pad 105, a C02 sensor 106, and 
an electromagnetic valve 107. The microscope section 102 
has a controller 109 Which controls the heater 103 according 
to signals supplied from the temperature sensor 104, the 
electromagnetic valve 107 according to signals supplied 
from the CO2 sensor 106, thereby maintaining the culture 
section 101 in Which a cultured cell 110 is placed generally 
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at a temperature of 37° C., a C02 concentration of 5%, and 
a relative humidity of at least 95% so as to maintain an 
activity of the cultured cell 110. Further, the culture section 
101 includes a transmitted light source 111 Which is 
arranged on a top surface thereof to alloW for an observation 
With transmitted light. 

The microscope section 102 further includes an immer 
sion objective lens 113, a focusing unit 114 Which moves the 
immersion objective lens 113 up and doWn in a vertical 
direction, a stage 115 on Which a sample container 121 
housing the cultured cell 110 is placed, an imaging lens 116 
Which focuses parallel light rays on the immersion objective 
lens 113, an incident light source 117 Which illuminates the 
sample through the immersion objective lens 113, a ?uo 
rescent ?lter 118, and a charge coupled device (CCD) 
camera 119. The stage 115 has a linearly moving unit and a 
rotationally moving unit and is able to tWo-dimensionally 
move the sample container 121 in a plane perpendicular to 
an optical axis of the immersion objective lens 113 relative 
to the immersion objective lens 113. The transmitted light 
source 111 attached to the culture section 101 is employed 
for a morphological observation Which aims at capturing an 
overall image of the cultured cell 110, While the incident 
light source 117 and the ?uorescent ?lter 118 are employed 
for ?uorescent observation of a speci?c site of the cultured 
cell 110 With the use of ?uorescent dye, ?uorescent protein, 
or the like. 

The stage 115 protrudes from the microscope section 102 
toWard the culture section 101 With an elastic sealing 
member 120 placed betWeen a bottom surface of the culture 
section 101 and the stage 115 so that humidity inside the 
culture section 101 does not leak out to the microscope 
section 102. A function of the sealing member 120 can 
alternatively be realiZed by a gap betWeen the stage 115 and 
the bottom surface of the culture section 101 When the gap 
is set to approximately submillimeter. The controller 109 is 
also connected to and controls the transmitted light source 
111, the focusing unit 114, the stage 115, the incident light 
source 117, and the CCD camera 119. 
The space betWeen the immersion objective lens 113 and 

the sample container 121 is ?lled With liquid such as Water 
or oil. Since the liquid is not supported by a speci?c holding 
unit, the liquid may adhere to the sample containers 121 
When plural sample containers 121 are used for observation, 
or may expand due to change in observation position in the 
sample container 121 even When the single sample container 
121 is employed for observation. In such cases, the amount 
of liquid may become insu?icient and the re?ll of the liquid 
may become necessary. 

The liquid feeder is largely divided into a mechanical unit 
and a liquid delivery unit. The liquid delivery unit has a 
liquid feeding unit and a liquid discharging unit. The liquid 
feeding unit includes a feeding tank 122 Which stores the 
liquid, a feeding pump 123 Which delivers the liquid, a 
rotating arm 124 Which rotates around an axis parallel to the 
optical axis of the immersion objective lens 113, and a 
noZZle 125 Which is ?xed to the rotating arm 124. The noZZle 
125 and the rotating arm 124 are penetrated by a thin hole 
inside, and the rotating arm 124, the feeding pump 123, and 
the feeding tank 122 are connected With each other by a tube 
126 made of silicon or the like. The liquid discharging unit 
includes a Waste liquid saucer 127 in Which the liquid drops 
off from the immersion objective lens 113 is stored, a 
discharge pump 128 Which serves to discharge a ?xed 
amount of stored liquid, and a discharge tank 129 Which 
stores the liquid. The Waste liquid saucer 127, the discharge 
pump 128, and the discharge tank 129 are connected With 
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4 
each other by a tube 126 similar to the tube in the liquid 
feeding unit. The tube 126 extends from the feeding pump 
123 to the rotating arm 124 along the inner Wall of the 
microscope 102. 

FIG. 2 is a detailed diagram of the mechanical unit of the 
liquid feeder. A solid line in FIG. 2 shoWs a liquid feeding 
state Where the immersion objective lens 113 is in a loWer 
position, and a tWo-dot chain line in FIG. 2 shoWs an 
observation state in Which the immersion objective lens 113 
is in an upper position. The mechanical unit includes a cam 
member 130 provided in the focusing unit 114, and the 
rotating arm 124 arranged at an upper portion of the micro 
scope section 102. The cam member 130 has a cam surface 
inclined toWard a vertical moving direction of the immersion 
objective lens 113. The cam member 130 triggers an opera 
tion to drive the rotating arm 124. The rotating arm 124 is 
rotatably supported by a bearing 131 on an inner side surface 
of the upper surface of the microscope section 102, and 
protrudes toWard the culture section 101 from the micro 
scope section 102. The noZZle 125 is ?xed to the rotating 
arm 124 so that the noZZle 125 is arranged perpendicular to 
the rotating axis of the rotating arm 124. 
As shoWn in FIG. 1, an elastic sealing member 132 is 

placed betWeen the rotating arm 124 and the microscope 
section 102. In FIG. 2, the rotating arm 124 is provided With 
a rotating pin 133 Which contacts With the cam member 130 
Within the moving range of the focusing unit 114. The 
rotating pin 133 is arranged perpendicular to the rotation 
axis of the rotating arm 124. On an inner side of the 
microscope section 102, a restricting pin 134 is attached. 
The restricting pin 134 contacts With the rotating pin 133 and 
restricts the rotation of the rotating arm 124. To bring the 
rotating pin 133 into contact With the restricting pin 134, a 
hook 135 attached inside the upper portion of the micro 
scope section 102 is connected to the rotating pin 133 by an 
elastic spring member 136. 

In FIG. 1, the sample container 121 is ?tted into a 
depressed portion 11511 on the stage 115, and ?xed by a 
plate-like elastic metal ?xing member 137. When the cul 
tured cell 110 is observed, the immersion objective lens 113 
is located at an upper position Within the moving range of 
the focusing unit 114. In the observation state, the rotating 
arm 124 is brought into contact With the restricting pin 134 
due to the force from the spring member 136 connected to 
the rotating arm 124. In this state, the rotating pin 133 of the 
rotating arm 124 is not in contact With the cam member 130 
attached to the focusing unit 114. 
When an observation target changes to the cultured cell 

110 contained in the other sample container 121 placed on 
the stage 115, the immersion objective lens 113 is loWered 
by a signi?cant degree by the focusing unit 114 so that the 
stage 115 does not interfere With the immersion objective 
lens 113. Then, the cam member 130 pushes the rotating pin 
133 to cause the rotation of the rotating arm 124 against the 
tensile force of the spring member 136, Whereby the noZZle 
125 attached to the rotating arm 124 is placed near and 
above a top lens of the immersion objective lens 113. Thus, 
the noZZle 125 moves in conjunction With the movement of 
the immersion objective lens 113 caused by the focusing unit 
114. 

Since the objective lens is positioned to an accuracy of 
submicrometer (um), even a small amount of external force 
can easily cause defocusing and the proper repositioning of 
the objective lens is di?icult. In the present embodiment, 
hoWever, the focusing unit 114 rotates the rotating arm 124 
not to a focus position required for an image pick-up, and 
hence, the application of external force to the focusing unit 
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114 Would not cause defocusing. In addition, since the 
temperature of the liquid reaches the same level as the 
temperature of the microscope section 102 While passing 
through the tube 126 running along the inner Wall of the 
microscope section 102, in other Words, the temperature of 
the liquid becomes the same as the temperature of the 
immersion objective lens 113 to Which the liquid is deliv 
ered, there Would be no defocusing caused by the tempera 
ture change in the immersion objective lens 113. Still in 
addition, since the noZZle 125 is placed near and above the 
top lens of the immersion objective lens 113, the liquid can 
be supplied through the noZZle 125 by a minimum amount 
required for the observation. Still in addition, since the 
rotation of the noZZle 125 can be realiZed Without the need 
of a dedicated driving unit, the microscope can be manu 
factured by loW cost. 

The timing of liquid feed Will be described beloW With 
reference to the ?owchart of FIG. 3. 
On poWer-up of the microscope apparatus, the feeding 

unit starts control (Step S1). 
The necessity of liquid feed to the immersion objective 

lens 113 is evaluated based on folloWing three Conditions 1 
to 3 (Step S2). 

Condition 1: The liquid, particularly the Water, of the 
immersion objective lens 113 decreases by evaporation. The 
necessity of the liquid feed is determined based on the time 
elapsed since last liquid feed. When the time elapsed since 
the last liquid feed exceeds a predetermined time period, a 
liquid feed operation starts. Here, an optimal value is set in 
advance as a value of the predetermined time period depend 
ing on the composition of the liquid, for example, depending 
on Whether the liquid is Water or oil. 

Condition 2: The liquid of the immersion objective lens 
113 adheres to the bottom of the container While transferred 
from one container to another, and the amount available 
gradually decreases. The amount of liquid decrease is deter 
mined based on the number of transfers among containers. 
When the number of transfers exceeds a predetermined 
number, the liquid feed operation starts. 

Condition 3: When the point of observation changes in the 
single container, the container is moved. Then, the liquid of 
the immersion objective lens 113 adheres to the bottom of 
the container as if the liquid is applied thereto, and the 
available amount of liquid decreases. The amount of 
decreased liquid is determined based on the distance the 
container moves. When the moving distance exceeds a 
predetermined distance, the liquid feed operation starts. 

In the liquid feed operation, the focusing unit 114 is ?rst 
loWered so that the noZZle 125 is placed over the immersion 
objective lens 113 (Step S3). 

The feeding pump 123 and the discharge pump 128 are 
operated for a predetermined time period (Step S4). The 
operation time of the feeding pump 123 may be set so that 
a slightly larger amount of liquid is supplied than is neces 
sary in order to prevent supply shortage. For example, if the 
required amount is 0.2 cc, the operation time is set so that 0.3 
cc liquid is supplied. 
When the observation point needs to be changed, the stage 

115 is moved (Step S5). 
It is decided Whether the operation of the feeding pump 

123 and the discharge pump 128, and the moving operation 
of the stage 115 have been ?nished (Step S6). 

Then, the focusing unit 114 is moved to a predetermined 
position (Step S7). 

Finally, latency T2 is set by a timer, and after the latency 
T2 passes, the feed operation ends (Step S8). The latency T2 
is set to eliminate a small temperature difference betWeen the 
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6 
liquid and the immersion objective lens 113, and serves to 
prevent defocusing from being caused by the temperature 
difference Which induces extension of material used in the 
immersion objective lens 113. 

According to the above-described control manner, the 
liquid feed to the immersion objective lens 113 is performed 
simultaneously With the tWo-dimensional movement of the 
immersion objective lens 113 relative to the optical axis. 
Hence, the above manner can shorten the time interval 
betWeen observations compared With a control manner in 
Which steps are conducted sequentially in series. In addition, 
since the latency T2 is provided in Step S8 prior to the 
observation, defocusing of the immersion objective lens 113 
can be prevented from happening by the temperature 
change, Whereby an image With no blurring can be taken. 

In the ?rst embodiment, the microscope apparatus pro 
vided With the culture section is described. The liquid feeder 
of the present embodiment, hoWever, can be applied to a 
general manual microscope. 
A microscope apparatus according to a second embodi 

ment has a liquid feed-related portion shoWn in FIG. 4 Which 
is different from the microscope apparatus of the ?rst 
embodiment. The parts not shoWn in FIG. 4 are the same as 
those in the ?rst embodiment. The microscope apparatus 
according to the second embodiment includes a culture 
section 200 and a microscope section 201. The microscope 
section 201 includes a linearly moving stage 202 Which is 
attached to an upper surface thereof and Which is movable 
in one axial direction. The linearly moving stage 202 is 
further attached to a rotary stage 203 Which is rotatable. The 
linearly moving stage 202 has a sealing portion 20211 which 
protrudes toWard the culture section 200 from the micro 
scope section 201. Further, the rotary stage 203 has a tray 
connecting portion 20311 which protrudes toWard the culture 
section 200 from the microscope section 201. 
The tray connecting portion 20311 has a male dovetail 

203b, Whereas a tray 205 has a female dovetail 20511 which 
has such a shape that it is engaged With the male dovetail 
20319. The sealing portion 20211 has a noZZle 206 for feeding 
the liquid to the immersion objective lens 204. An elastic 
sealing member 207 is arranged betWeen the sealing portion 
202a and the upper surface of the microscope section 201 to 
prevent the leakage of humidity generated in the culture 
section 200 to the microscope section 201. The function of 
the sealing member 207 may alternatively be realiZed by 
setting a gap betWeen the sealing portion 202a and the upper 
surface of the microscope section 201 to approximately 
submillimeter. 
A general glass bottom dish employed as the sample 

container 208 has an outer diameter of approximately 35 
mm and an observation range of approximately 10 mm in 
diameter. The sample container 208 is placed on the tray 205 
on a circle of approximately 70 mm in radius around a 
rotation axis Y of the rotary stage 203. The moving direction 
of the linearly moving stage 202 is parallel to a straight line 
Which is perpendicular to the rotation axis Y of the rotary 
stage 203 and an optical axis X of the immersion objective 
lens 204. The linear stage 202 and the rotary stage 203 can 
cooperate to move the sample container 208 placed on the 
tray 205 tWo-dimensionally Within a plane perpendicular to 
the optical axis of the immersion objective lens 204. Since 
the sample container 208 has an observation range of 10 mm 
in diameter, the moving range of the linear stage 202 is 
required to be approximately 10 mm for observation. Thus, 
the observation range of the sample container 208 can be 
observed by the CCD camera. Since the rotation angle of the 
rotary stage 203 relative to the imaging range of the CCD 
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camera is su?iciently small, an operator can regard the 
movements as movements in tWo perpendicular directions 
during operation. 

The linear stage 202 of the present embodiment has a 
moving range Which is larger than the necessary range 10 
mm for observation by 20 mm. The additional moving range 
of 20 mm is set based on the half length, i.e., 15 mm of the 
outermost diameter 30 mm of the immersion objective lens 
204. With the moving range of 30 mm, the nozzle 206 placed 
outside the immersion objective lens 204 can be arranged 
near and above a top lens of the immersion objective lens 
204 Within the observation range of the sample container 
208. 
As shoWn in FIG. 5, the sealing portion 20211 has a 

depressed portion 202!) for the attachment of the nozzle 206. 
The sealing portion 20211 has a depressed portion 202!) and 
a small hole 2020 Which communicates With inside the 
microscope section 201 as shoWn in FIG. 4. The small hole 
2020 is connected to a tube 209 Which is connected to the 
feeding pump and the feeding tank though not shoWn in FIG. 
4 
As shoWn in FIG. 5, the nozzle 206 has a protruding 

portion 20611 which has such a shape that it is engaged With 
the depressed portion 202!) of the sealing portion 202a, and 
is provided With a small hole 206!) Which runs from the 
protruding portion 20611 to the bottom surface near the 
nozzle tip. Further, an O ring 210 is inserted into a groove 
2060 provided in a cylindrical portion of the protruding 
portion 206a. Further, the nozzle 206 has a ?ange 206d 
slightly larger than the protruding portion 206a, and the 
?ange 206d serves as a contact surface to the sealing portion 
202a of the nozzle 206. The nozzle 206 is ?xed to the sealing 
portion 20211 by the elasticity of the O ring 210. Therefore, 
When the controller of the microscope apparatus commits a 
processing error, or When the operator exerts external force 
on the microscope apparatus, e. g., at cleaning, the nozzle can 
be easily removed so that the damage to the microscope 
apparatus and contamination inside the microscope appara 
tus can be prevented. 

Acontrol How Will be described. First, the necessity of the 
liquid feed is determined. When the liquid feed is necessary, 
the focusing unit 211 is ?rst loWered for the prevention of 
interference betWeen the tray 205 and the immersion obj ec 
tive lens 204. Thereafter, tWo operations are performed in 
parallel. One is an operation of rotational movement of the 
rotary stage 203 at the exchange of the sample container 208 
or the change in the observation position; another is the 
liquid feed operation. In the rotational movement operation, 
the rotary stage 203 is rotated after the liquid feed operation 
so that the next observation point is located on the optical 
axis X of the immersion obj ective 204. Further, in the liquid 
feed operation, the nozzle 206 is arranged near and above 
the top lens of the immersion objective lens 204 by the 
linearly moving stage 202. Then the liquid is supplied and 
thereafter the nozzle 206 is returned back to a substantially 
original position by the linearly moving stage 202. At the 
return of the nozzle 206, the nozzle 206 is positioned so that 
the next observation point is located on the optical axis X of 
the immersion objective lens 204. When the tWo operations 
are ?nished, the focusing unit 211 is raised to the focusing 
position of the immersion objective lens 204. After the 
latency for the correction of temperature difference passes, 
the observation starts. 

In the above-described control, the liquid feed operation 
starts after the immersion objective lens 204 is loWered by 
the focusing unit 211, and the tray 205 is moved by the linear 
stage 202 and the rotary stage 203. Therefore, the tray 205 
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8 
is not interfered by the immersion objective lens 204. Still 
further, since the liquid feed operation and the movement to 
the next observation point are performed in parallel, the 
latency can be shortened. 

In the above-described control, When the shape of the tray 
205 is considered and the movement of the focusing unit 211 
is made faster than the movement of the linear stage 202, the 
interference betWeen the tray 205 and the immersion obj ec 
tive lens 204 can be prevented and the latency in the control 
system can be shortened. 

In the present embodiment, the enlargement of the mov 
ing range of the linear stage and the addition of nozzle to the 
sealing portion of the linear stage make the liquid feed 
possible. Hence, an additional driving unit is not necessary, 
Whereby the minimum liquid feed can be realized With a 
feWer number of parts than the parts added in the ?rst 
embodiment. 

FIG. 6 shoWs a microscope apparatus according to a third 
embodiment, in particular a portion related With the liquid 
feed and is different from the parts in the ?rst embodiment. 
Those not shoWn in FIG. 6 are the same as those in the ?rst 
embodiment. The microscope apparatus of the present 
embodiment is similar to the microscope apparatus accord 
ing to the second embodiment in many points, and in FIG. 
6, the similar parts to the parts in the microscope apparatus 
according to the second embodiment are designated by the 
same reference characters. FIG. 7 shoWs the objective lens 
in FIG. 6 and the surrounding portion thereof vieWed from 
above. 
As shoWn in FIG. 6, a focusing unit 300 has a rotating 

type revolver 302 Which serves to sWitch among plural 
objective lenses. TWo immersion objective lenses 301a and 
3011) can be attached to the revolver 302, Which moves the 
immersion objective lenses 301a and 30119 by rotation. The 
revolver 302 is designed so as to be able to position the 
immersion objective lens at intervals of 90 degrees. In a 
plane perpendicular to the optical axis X in the optical 
system of the microscope section 201 in Which the objective 
lens is arranged for observation in FIG. 7, the tip of the 
nozzle 303 is arranged on an axis Z Which is parallel to the 
optical axis X and passing through a point 90 degrees off 
from the optical axis X and Which is on the circle around the 
center of rotation of the revolver 302 and passing through 
the optical axis X. 
Though tWo objective lenses can be attached to the 

revolver 302 in the present embodiment, objective lenses of 
a number “n” may be attached to the revolver 302. In this 
case, the revolver 302 is designed so as to be able to position 
the objective lenses at intervals of 6 degrees (here, 
6:360+2n). The nozzle 303 is arranged on the circle around 
the center of rotation of the revolver 302 and passing 
through the optical axis X. The arranged position of the 
nozzle 303 is 6 (here, 6:360+2n) degrees off from the 
optical axis X. 
When one of the immersion objective lenses 301a and 

30119 is arranged on the optical axis X for observation, the 
other is not placed on the axis Z. The immersion objective 
lens located on the optical axis X is raised at the time of 
observation, so that the Working distance (WD) betWeen the 
immersion objective lens and the sample container 208 is 
approximately 0.1 mm. Further, When one of the immersion 
objective lenses 301a and 30119 is placed on the axis Z for 
the liquid feed, the other is not placed on the optical axis X, 
and hence, it is not necessary to raise the focusing unit 300. 
Therefore, one of the top lenses of the immersion objective 
lenses 301a and 3011) can be placed near and beloW the 
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nozzle 303, Which can then supply the liquid to the immer 
sion objective lens from above. 
The control How Will be described. First, the necessity of 

the liquid feed is decided. When the liquid feed is necessary, 
the focusing unit 300 is loWered for the prevention of the 
interference betWeen the tray 205 and the immersion obj ec 
tive lens 301a. Thereafter, tWo operations are performed in 
parallel. One is the movement of the rotary stage 203 and the 
linear stage 202 at the exchange of the sample container 208 
and the changes in observation point, and the other is the 
liquid feed operation. In the liquid feed operation, the 
immersion objective lens 30111 is placed on the axis Z by the 
rotation of the revolver 302. Then, the top lens of the 
immersion objective lens 30111 is placed near and beloW the 
noZZle 303. Sequentially, the liquid is supplied, and the 
immersion objective lens 30111 is put back on the optical axis 
X by the rotation of the revolver 302. Thereafter, the 
focusing unit 300 is raised to the observation position. After 
the elapse of the latency for the temperature difference 
correction, the observation begins. 

In the present embodiment, the immersion objective lens 
is placed beloW the ?xed noZZle 303 by the revolver 302 
Which serves as a sWitching unit betWeen the immersion 
objective lenses 301a and 3011). Thus, the liquid feed of 
minimum amount can be realiZed in a still simpler con?gu 
ration than the con?guration of the second embodiment. 

Additional advantages and modi?cations Will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the speci?c details and 
representative embodiments shoWn and described herein. 
Accordingly, various modi?cations may be made Without 
departing from the spirit or scope of the general inventive 
concept as de?ned by the appended claims and their equiva 
lents. 
What is claimed is: 
1. A microscope apparatus comprising: 
an immersion objective lens that condenses light from a 

sample through a liquid; 
a noZZle that supplies the liquid to an upper surface of the 

immersion objective lens; and 
a liquid feeding mechanism Which is provided at a lens 
moving mechanism that moves the immersion objec 
tive lens or a sample moving mechanism that holds and 
moves the sample, and Which moves the noZZle and the 
immersion objective lens relative to each other to 
arrange the noZZle near and above the immersion 
objective lens to supply the liquid from above the 
immersion objective lens. 

2. The microscope apparatus according to claim 1, 
Wherein: 

the lens moving mechanism comprises a focusing mecha 
nism that moves the immersion objective lens in a 
vertical direction to focus the immersion objective lens 
on the sample, and 

the liquid feeding mechanism includes a noZZle moving 
mechanism that moves the noZZle in conjunction With 
a vertical movement of the immersion objective lens, 
so that the noZZle is arranged above the immersion 
objective lens When the immersion objective lens is at 
a loWer position With respect to the noZZle, and the 
noZZle is retreated from above the immersion objective 
lens When the immersion objective lens is at an upper 
position With respect to the noZZle. 

3. The microscope apparatus according to claim 2, 
Wherein the noZZle moving mechanism includes: 

a cam member that has a cam surface inclined in a vertical 

direction, is arranged at a vertically moving portion of 
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the lens moving mechanism, and moves vertically 
together With the immersion objective lens, 

a rotation axis that holds the noZZle and rotates the noZZle 
so that the noZZle is perpendicular to an optical axis of 
the immersion objective lens, 

a rotating pin that is ?xed to the rotation axis in contact 
With the cam surface, is moved along the cam surface 
along With a doWnWard movement of the immersion 
objective lens, and rotates the rotation axis in a direc 
tion that the noZZle is arranged on the immersion 
objective lens, 

an elastic member that has one end connected to the 
rotating pin to exert elastic force onto the rotating pin, 
and rotates the rotation axis in a direction of retraction 
of the noZZle from the immersion objective lens along 
an upWard movement of the immersion objective lens, 
and 

a restricting member that restricts the rotation of the 
rotating pin by the elastic force at a predetermined 
position. 

4. The microscope apparatus according to claim 1, 
Wherein: 

the sample moving mechanism comprises a linear stage 
that moves the sample linearly in a direction perpen 
dicular to an optical axis of the immersion objective 
lens, 

the noZZle is arranged on the linear stage so as to face the 
immersion objective lens, and 

the liquid feeding mechanism moves the noZZle by the 
linear stage, so that the noZZle is arranged above the 
immersion objective lens When the immersion objec 
tive lens is at a loWer position With respect to the 
noZZle, and the noZZle is retreated from above the 
immersion objective lens When the immersion objec 
tive lens is at an upper position With respect to the 
noZZle. 

5. The microscope apparatus according to claim 1, com 
prising a plurality of immersion objective lenses, Wherein: 

the lens moving mechanism comprises an objective 
sWitching mechanism that holds the immersion objec 
tive lenses and moves the immersion objective lenses to 
selectively place one of the immersion objective lenses 
under the sample, 

the noZZle is arranged on a moving path of the selected 
immersion objective lens and is arranged near and 
above the selected immersion objective lens, and 

the liquid feeding mechanism moves the selected immer 
sion objective lens by the objective sWitching mecha 
nism, so that the noZZle is arranged above the selected 
immersion objective lens When the selected immersion 
objective lens is at a loWer position With respect to the 
noZZle, and the noZZle is retreated from above the 
selected immersion objective lens When the selected 
immersion objective lens is at an upper position With 
respect to the noZZle. 

6. The microscope apparatus according to claim 1, further 
comprising: 

a controller that controls operation of the liquid feeding 
mechanism to feed the liquid to the immersion objec 
tive lens and operation of the sample moving mecha 
nism to change an observation point of the sample, in 
parallel. 

7. The microscope apparatus according to claim 1, further 
comprising a temperature adjuster that maintains at a same 
level temperatures of the noZZle, the immersion objective 
lens, and a space in Which the noZZle and the immersion 
objective lens are placed, 
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wherein the nozzle is connected to a circulating tube that 
circulates the liquid and that is arranged in the space in 
Which the nozzle and the immersion objective lens are 
placed, and the nozzle supplies the temperature main 
tained liquid through the circulating tube to the upper 
surface of the immersion objective lens. 

8. A microscope apparatus comprising: 
a plurality of objective lenses, at least one of the plurality 

of objective lenses being an immersion objective lens 
that condenses light from a sample through a liquid; 

an objective sWitching mechanism that holds the plurality 
of objective lenses and moves the plurality of objective 
lenses to selectively place one of the plurality of the 
objective lenses under the sample; 

a nozzle that is arranged on a moving path of the plurality 
of the objective lenses and arranged near and above the 
plurality of the objective lenses, the nozzle supplying 
the liquid to an upper surface of the immersion objec 
tive lens; and 
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a liquid feeding mechanism that moves the plurality of 

objective lenses by the objective sWitching mechanism 
so that the liquid is supplied from above the selected 
immersion objective lens When the selected immersion 
objective lens is beloW the nozzle. 

9. The microscope apparatus according to claim 8, further 
comprising a temperature adjuster that maintains at a same 
level temperatures of the nozzle, the selected immersion 
objective lens, and a space in Which the nozzle and the 
selected immersion objective lens are placed, and 

Wherein the nozzle is connected to a circulating tube that 
circulates the liquid and that is arranged in the space in 
Which the nozzle and the selected immersion objective 
lens are placed, and the nozzle supplies the temperature 
maintained liquid through the circulating tube to the 
upper surface of the selected immersion objective lens. 


